As part of a larger trend across industrialized nations, European research policy discourse has placed increasing emphasis on socio-technical integration: the explicit incorporation of activities devoted to broader social aspects into scientific activities. In order to compare these high-level integration discourses against patterns at the level of resource allocation, we analyze nearly 2,500 research solicitations from the three European Framework Programmes for R&D during the period 1998-2010. We identify four distinct types of integration (socioethical, stakeholder, socio-economic and industrial) that occur either as core or parallel components of R&D solicitations. Quantitative analysis reveals an overall trend towards increasing integration, with requests integrating industrial and socio-economic aspects substantially outnumbering those integrating socio-ethical and stakeholder aspects-by a 2 to 1 margin. Meanwhile, calls for socio-technical integration have become slightly more extensive (ranging across a broader range of research areas addressed), significantly more pervasive (shifting from the periphery to the core of R&D practices), and arguably less diverse (involving a wider variety of integration types) over time. The relative lack of attention to socio-ethical aspects and stakeholder participation in European research is particularly notable given that we focus on potentially controversial areas (life sciences, energy, and nanotechnology), which likely overemphasizes the prevalence of integration throughout the Framework Programmes. 
Introduction
As part of a larger trend across industrialized nations, European research policy discourse has placed increasing emphasis on socio-technical integration: the explicit incorporation of activities devoted to broadening the social and ethical aspects that are taken into account during core scientific and engineering research and development (R&D) activities in such a way as to shape R&D pathways in socially desirable ways. Policy mandates for sociotechnical integration have been documented in the United States (Bennett and Sarewitz, 2006; Fisher and Mahajan, 2006a) , the United Kingdom (Macnaghten et al., 2005; Owen and Goldberg, 2010) , Canada (Genome British Columbia, 2011; Ommer and the Coasts Under Stress Research Project Team, 2007) , and throughout Europe (Stegmaier, 2009; Goorden et al., 2008 ).
This emphasis is also observed throughout the consecutive European Framework
Programmes (FP) for Research and Technological Development, the European Union's main policy instrument for guiding European research. While some forms of integration can be traced back to earlier Framework Programmes, such as the consideration of Ethical, Legal and Social Aspects (ELSA) of research in the Second Framework Programme (FP2), the overall importance attached to the integration of ELSA and other modes of social considerations appears to have grown considerably since FP5.
In part an attempt to legitimize potentially controversial forms of publicly funded science and technology, the policy discourse on integration also reflects more explicitly normative and substantive goals, such as making R&D processes more inclusive and accountable and opening up new research alternatives and meanings, and suggests that the success of the European research endeavor at least to some extent rests on the successful integration of science and society. The proposition of integrating science and society at the level of the research project, however, implies changes in both structure and agency regarding how science is justified, organized and conducted (e.g., Gibbons et al., 1994; Smith et al., 2005) . We expect that it faces considerable challenges, especially to the extent that it may signal alterations to established scientific cultural norms and institutional practices. We therefore ask to what extent the emphasis on socio-technical integration in high-level policy discourse plays out at the more practical level of formal solicitations for R&D delivery.
In order to trace the various trends in integration in strategic policy discourse and gauge their effects at more practical levels of decision making and allocation, we have analyzed nearly 2,500 science and engineering research solicitations from indicative research areas in three EU Framework Programmes over a 12-year period: FP5 (1998 FP5 ( -2002 , FP6 (2002 FP6 ( -2006 and FP7 (2007 FP7 ( -2013 FP7 ( [our analysis ends in 2010 ). Research solicitations are an understudied, yet widespread mechanism for the delivery of strategic R&D goals by means of allocating resources for new science and engineering research projects, such as those called for inside the Framework Programmes. They allow us to look at policy discourse and practices at more fine-grained and routinized levels of science policy implementation in order to compare these to more prominent discourse and decision contexts. Hence, we focus on research solicitations within Framework Programmes as a bellwether for other forms of the integration of science and society. The analysis tracks the extent to which the research that is solicited in science and engineering areas is pervaded by the visions for socio-technical integration alluded to above, such as those coming from the FP7 "Science in Society" research area and other policy discourses.
In order to situate the integration of science and society broadly and within a general context, we expand the notion of socio-technical integration to include a range of related meanings identified in the FPs, including the consideration of aspects ranging from economic to ethical; the participation of stakeholder groups ranging from private industry to public citizenry; and interdisciplinary collaborations between social and natural scientists. 
Socio-technical integration in EU research policy
Consideration of social and ethical aspects of scientific and engineering research has long been on the agenda of European policy makers. High-level calls for integration can be found as early as FP2 (1987 FP2 ( -1991 , which mandated research on the ethical, legal and social aspects (ELSA) of scientific research. Similarly, calls for the integration of the socio-economic dimensions can be found in FP4 (1994) (1995) (1996) (1997) (1998) through its "Targeted Socio-Economic 2 Notably, we distinguish socio-technical integration from compliance, e.g., with regulatory standards and ethical principles, which also has an established policy history. Thus, we do not take into account the fact that R&D activities in the EU Framework Programmes must be carried out "in compliance with fundamental ethical principles" (see The European Parliament and the Council of the European Union, 1999, p. 6; 2002a, p. 3; 2006, p. 5) . In our view, principle-based compliance does not imply the same degree of institutional changes for the core of R&D activities as does socio-technical integration.
Research" programme. Yet from FP5 onwards, both the quantity and quality of calls for integration intensifies. The emphasis on socio-technical integration can be understood as largely motivated by a series of events that in the last two decades have progressively eroded the legitimacy of the European science and technology governance system, raising concerns over the social uptake of scientific-technological innovations. This erosion of legitimacy has been diagnosed, by the social studies of science first, and by policymakers later, as responding to the uneasiness of society with an innovation model in which public concerns about science and technology are not adequately considered.
The food crises that affected Europe in the 1990s (such as 'mad cow' disease, foot and mouth disease, and dioxin contamination in chickens) were seen as highlighting the deficiencies of risk analysis and regulatory procedures and created a general perception that policymakers were more aligned with the interests of industry than with the public interest, which "undermined public confidence in expert-based policy-making" (Commission of the European Communities, 2001, p. 19) . The European backlash against agri-food biotechnology-fueled in part by the experience of these food crises-was interpreted as a social reaction against what an important sector of the European publics considered was the uncritical development of a potentially dangerous and unethical technology, whose health, environmental and ethical risks were arguably under-analyzed and under-regulated (EGE, 2009; Gaskell, 2008) .
3 These experiences have, it is largely concluded, forced policymakers to focus not only on the policy objectives that originally justified R&D investments, but also on demonstrating to European publics that the social and ethical principles behind publicly funded R&D practices are robust (McDonell, 1997) . Over the last two decades pressure has also grown for scientific research to be evaluated not solely according to narrowly defined economic or technological criteria (Bozeman, 2007; Schuurbiers, 2010; von Schomberg, 2012) , but according to a plurality of social and public values and interests (Heap, 2004; Wilsdon and Willis, 2004; Ziman, 1998) . Descriptions of scientific research in terms of "Mode-2" (Nowotny et al., 2001 ), "post-normal" (Funtowicz and Ravetz, 1999) , and "postacademic" (Ziman, 2000) science all relocate scientific legitimacy in a broader societal space.
Socio-technical integration is thus framed by policy makers to a considerable extent as a legitimizing resource that is intended to facilitate the societal uptake of scientifictechnological innovations and, consequently, the EU's strategic goal, set in the Lisbon Strategy, of becoming "the leading knowledge-based economy in the world" (European Council, 2000, p. 12 Thus, alongside instrumental justifications for socio-technical integration, and even within the same statement, it is also framed substantively, as an early and potential source of critical reflection on R&D activities, as well as normatively, as a form of more inclusive and accountable governance of research and innovation. In the rest of this section, we continue to elucidate the multiplicity of policy justifications that are used to frame socio-technical integration in the European context. We also identify three key characteristics of European socio-technical integration research policy, arguing that policy discourse at the agenda setting level has over the years called for integration to be more pervasive (moving closer to actual R&D practices), extensive (addressing a broader range of research areas) and diverse (involving a broader range of integration types).
Pervasiveness
One particular feature that emerges from key policy documents such as the European Action
Plans and the official Communications from the European Commission is a stated interest in moving integration closer to project-level R&D practices. While research activities in both the socio-economic and ELSA dimensions were carried out in earlier FPs, they were considered as 'stand-alone' activities, occurring in parallel to natural science and engineering research efforts (Elizalde, 1998 (Busquin, 2003, p. 6 ).
More specifically, "The intention was to move away from research for its own sake and to turn the research towards current socio-economic problems" (Busquin, 2003, p. 6 (Hansen, 2002, "Foreword" ; emphasis in the original).
Diversity
In addition to the envisioned pervasiveness and extensiveness of calls for integration, a third characteristic of integration discourse is observed: the different types of integration called for in European policy increase over time. In FP2, calls for socio-technical integration are limited to the consideration of ELSA. In FP3, the integration of the socio-economic dimension appears. The first specific projects targeted specifically to small and medium-sized enterprises (SMEs) were piloted during FP3 (1990 FP3 ( -1994 (Stančič, 2007, p. 1) .
Conceptual framework and method
This section presents the conceptual framework for our empirical analysis. We justify the selection of research areas in our sample, present the unit of analysis and sample size. Because of the sheer size and complexity of the FPs, a full discursive analysis of the content of all the research areas was not attempted. 5 Rather, we select those research areas within the FPs for which the question of socio-technical integration is particularly relevant, being 4 In this paper, one billion refers to one thousand million (1,000,000,000). 5 For example, the core Specific Programme of FP7, namely "Cooperation" (FP7 allocates over € 32 billion to this programme alone), is sub-divided into ten distinct research areas that reflect the most important strategic fields of knowledge and technology for the EU: Health; Food, Agriculture and Fisheries, and Biotechnology; Information and Communication Technologies (ICTs); Nanosciences, Nanotechnologies, Materials and new Production Technologies; Energy; Environment (including Climate Change); Transport (including Aeronautics); Socio-economic Sciences and the Humanities; Security; and Space. strongly contested areas of research: the life sciences (food and health), energy research, and nanotechnology. In these research areas the policy commitments within the Science and Society Work Programme can be expected to take hold. The specific designations of these selected research areas in the FPs have changed over time, but still there is considerable continuity between them through the FPs-i.e., the thematic research areas continue along FP5, FP6 and FP7. For example, the continuation of the FP5 
Selection of research areas

Unit of analysis
The research solicitations that make up the FPs' work programmes represent the main unit of analysis. As stated above, research solicitations are a widespread yet understudied mechanism for the delivery of strategic R&D goals by means of allocating resources for new research. The European Commission's FAQs about FP7 describes the work programme solicitations as follows:
"The individual 'work programmes' are the detailed implementation plans for the specific programmes, research themes 9 and other activities under FP7. They specify the concrete scientific-technical, economic and societal objectives of each activity, providing both a broad background and the detailed technical content. They project a 'road map' of the planned calls for proposals. They also indicate for each call the instruments that will be available and the evaluation criteria that will be applied.
Understanding the objectives of the work programme is essential for preparing a good proposal" (European Commission, 2011, "What are work programmes?").
9 "Research themes" in FP7 refer to "research areas." Thus, research solicitations signify to potential proposers the goals and expectations of their authors and the criteria by which research proposals generated in response to the solicitations will be judged. Meanwhile, calls for broadening the aspects and participants involved in research have been seen, both traditionally (e.g., Polanyi, 1962 ) and more recently (e.g., Wynne, 2011) , as potentially disruptive of research practices. While sponsored research activities cannot be assumed to mirror the content of the research solicitations to which they respond for funding, solicitations serve as an intermediary mechanism between policy and scientific communities and provide a credible basis for research evaluation. We therefore assume that if integration is found in R&D solicitations it in turn signals some level of institutional change if not disruption, whether in terms of material practices (Fisher, 2007) , expectations (Jasanoff, 1995; Smith et al., 2005) , political symbolism (Pielke, 2012) or otherwise-and that these changes are rather unlikely. Focusing on research solicitations provides an indication of the extent to which broader policy discourses on integration are adopted at policy stages closer to the actual conduct of research. the following section, we examine these trends in more detail.
Research findings: Empirical analysis of research solicitations in FP5, FP6 and FP7
This section presents the findings of our analysis of the research solicitations in the sample.
We first classify the data according to different types of integration found in the solicitations.
We then analyze in more detail the prevalence and import of those candidates, and discuss to what extent they can be said to address the policy calls for socio-technical integration.
Finally, we trace growth in the diversity, extensiveness and pervasiveness of integration.
11 Note that initiatives such as workshops, forums, conferences, think tanks, networking, or proposals for public debate and stakeholder dialogue that are unconnected with a specific research project and hence out of the immediate context of natural science and engineering research are not considered here as integrated research solicitations. Only those solicitations in which one or more forms of integration are called for as a core or parallel component of natural science and engineering research practices have been analyzed.
Classification: Types of integration solicited
In order to place socio-technical integration within a generic context, we considered a wide range of research requests for integration within the solicitation texts of the work programmes. We identified four distinct 'types' of integration. 
'Loci' for integration: Core and parallel requests
In addition to the distinction between various types of integration, we have also identified 
Prevalence and composition of integration
Having established the different types and loci of integration identified during our discursive analysis, this section presents the overall prevalence and composition of solicitations for integration. At first glance, total integration numbers suggest that integration classifies as an important category within the Framework Programmes: of all the solicitations in our sample, more than a third (888 out of 2459) include some reference to integration. Within those 888
solicitations we have identified 1262 individual requests (recall that one solicitation can include several requests). Of those 1262 requests, roughly two thirds (67%) address industrial (487) and socio-economic (356) integration; the remaining 33% is divided between socioethical (230) and stakeholder (189) integration (see Figure 1a ).
This suggests the Commission's predominant interest is in the industrial and socio-economic dimensions of integration. As the Maastricht Treaty of 1992 states: "strengthening the scientific and technological bases of Community industry and encouraging it to become more competitive at international level" (European Union, 1992, p. 34) has been a foundational objective for EU research policy (see above), and both socio-economic and industrial integration aim to direct R&D activities to address economic performance and improve the European economic outlook.
By contrast, the socio-ethical and stakeholder integration types more specifically address the explicit consideration of ethical, cultural and other broad social and public dimensions during R&D. Together, these constitute one third of the total requests for integration. Within these categories, the large majority (175 out of 189) of the requests for 'stakeholder integration' 39% 28% 18% 15%
Fig. 1a: Composition of socio-technical integration within FP5, 6 & 7 (1262 requests)
Industrial (487) Socio-economic (356) Socio-ethical (230) Stakeholder (189) call for the involvement of specific stakeholders in research, and a very significant portion of these (150 out of 175) focus on core integration. The remaining 14 out of 189 call for general public engagement (see Figure 1b) .
Within the category of 'socio-ethical' integration, requests for ELSA studies represent almost half of the total (100 out of 230). The second and third largest categories following ELSA are calls for dissemination activities (18%) and communication strategies (10%), together representing almost a third of the total. The remaining 29% of requests is a mixed bag, including integration of studies into public perceptions (10%) and social acceptability (9%), gender studies (6%) and science studies (4%) (see Figure 1c ).
Up to this point we have considered the overall prevalence and composition of integrated solicitations within the three FPs. To examine the extent to which solicitations have responded to changes in policy discourse, we now look at changes that occur over time. The next section first considers the increase in the number of solicitations for integration over time; it then examines changes in integration diversity, extensiveness and pervasiveness. 
Increase in solicitations for integration over time
Calculating the number of solicitations calling for integration as a percentage of the sample size within each FP, the percentage of integrated solicitations on the whole increases, going up from 28% in FP5 to 46% in FP7 (see Figure 2) . 12 Defining socio-technical integration in the most general way, this result would appear to present a consistent trend towards increasing integration that would support the claims made in policy rhetoric.
Note however that this overall trend is more varied if one looks at the level of individual types of integration. Requests for stakeholder integration for example represent 7% of the total solicitations in FP5, staying at 7% in FP6 and going up to 9% in FP7. Meanwhile, requests for socio-ethical integration move up from 9% in FP5 to 11% in FP6, and down again to 9% in FP7. Thus, a somewhat more nuanced picture emerges: while overall integration numbers increase, specific forms of integration show more variation over time.
'Diversity' -variety of integration types
Has integration become increasingly diverse, in accordance with policy discourses? In one sense, diversity increases from FP5 to FP6 with calls for industrial integration being articulated for the first time at the project level (but see footnote 12). However, diversity declines from FP6 to FP7 in the sense that the percentages of requests for industrial and 12 The complete absence of any solicitations for industrial integration in FP5 is explained in part by the fact that the integration of industry is not called at the level of the specific research solicitation but open in principle for any research solicitation in that Framework Programme through the instruments "cooperative research" and "exploratory awards" (European Commission, 1999b) . As already pointed out, our research only reports on forms of socio-technical integration that are specifically and explicitly called for in project-level solicitations. No integration Integration socio-economic integration both increase, while those for socio-ethical and stakeholder integration both decrease. Furthermore, socio-ethical and stakeholder integration types taken together show a general decline over the time period considered, from 40% of total requests in FP5 to 28% in FP7, 13 while socio-economic and industrial integration types together increase from 60% in FP5 to 72% in FP7 (see Figure 3 ).
14 Measured with respect to one another, the different types of integration show less variety over time. Rather than a more diversified integration portfolio, we find an increasingly dominant focus on economic and industrial aspects and a corresponding decrease in socioethical and broader stakeholder issues, over time.
'Extensiveness'-the range of programmatic research areas addressed
In terms of extensiveness, do the numbers indicate that integrated solicitations have permeated a wider range of research areas in response to policy discourse? Looking at the solicitations for each of the research areas identified within the FPs, we find that requests for socio-ethical and stakeholder integration almost exclusively occur in the specific FP5
programme QoL: 97 out of the 103 requests in total (94%). The remaining 6 requests in the Energy-programme consist of 4 calls for social acceptability studies and 2 for dissemination. 13 However, if we measure diversity in terms of the degree of variation within integration types. there are indications that integration has become somewhat more diverse over time within the categories of socio-ethical and stakeholder integration. Particularly within socio-ethical integration, there is a slight increase in the types of integration called for. Solicitations for dissemination studies increase significantly from 2 individual instances in FP5 to 25 in FP6, and there is an increase in requests for gender studies (2 in FP5, 3 in FP6, and 8 in FP7 Energy (21%) and 11 in Nanotechnology (6%) (see Figure 4) .
15
Generally speaking, the data in our sample confirm that solicitations for integration have become more extensive. But again, there is some variation: in the case of nanotechnology, requests for socio-ethical and stakeholder integration show a slight decrease moving from FP6 (15) to FP7 (11). Furthermore, the spread of integration to new areas correlates to a decrease of integration in Health.
'Pervasiveness' -from the periphery to the core of R&D
The third characteristic of policy discourse, pervasiveness, is most strongly reflected in the data. Looking specifically at the locus for integration, there is a clear shift from solicitations for parallel integration towards those for core integration as we move through the consecutive FPs. Across the board, solicitations for parallel integration diminish over time, coupled with a strong increase in solicitations for core integration. The ratio of parallel versus core integration shifts dramatically from FP5 to FP6 (from 125 parallel against 133 core requests 15 Please note that in FP5 health and food issues are included in the research area "Quality of Life and Management of Living Resources" (QoL), while FP6 and FP7 handle them through separate research areas (see section 3.1). As a result, the FP5 "Health" column in Figure 4 includes both health and food issues. in FP5, to 30 parallel against 364 core requests in FP6). This trend largely continues in FP7
(65 parallel against 545 core requests) (see Figure 5 ).
This shifting interest in the locus for integration is striking in the case of solicitations for ELSA-research. ELSA is exclusively a parallel activity in FP5: a total of 26 solicitations request ELSA-research in parallel to R&D, and none request core integration of ELSAresearch. In FP6 however, this trend is reversed: there are only 6 solicitations for parallel ELSA-research, and 35 calls for core ELSA research. This complete reversal of interest in the locus for integrated ELSA research continues in FP7 (see Figure 6 ). 
Discussion
Having presented the major research findings of our analysis, this section places these findings in the context of evolving broader European and international policy perspectives and discusses some critical questions in relation to them.
Justifications evident in strategic policy discourse
Policy justifications for socio-technical integration are manifold, and refer to a range of instrumental, normative and substantive goals-sometimes even in the same statement.
Instrumental goals are those that serve as the means to other ends. Socio-technical integration is framed instrumentally when, for instance, it is seen as a legitimizing resource and as a route towards economic competitiveness. Integration is also framed normatively in relation to ends that are pursued for their own sake more than for the sake of others, such as securing the public interest and conducting policy in accordance with democratic values. Finally, integration is also framed substantively, in terms of goals and practices that are thought to lead to better ends, for instance the cultivation of diverse social perspectives among scientific research communities and during early stages of R&D. 16 Ultimately, socio-technical integration points to a fundamental tension: it is both an increasing governmental imperative in support of innovation for economic competitiveness and, under certain forms, interpretations and commitments, also a potential source of openness and conflict that may appear to hinder innovation for economic competitiveness.
This tension, or ambiguity, related to integration, implies some flexibility in the way that it is framed and adopted, according to different interests and power dynamics (Stirling 2008) . In this sense, we find especially that the integration of socio-ethical aspects at the practical level of R&D delivery reflects this tension, in terms of the scope and meaning of integration in the research solicitations.
Assessing solicitations for R&D delivery in terms of strategic discourse
Examining the research findings in light of the characteristics and justifications of high-level integration policy discourses, three main observations stand out with respect to our sample.
The first is that socio-technical integration, as a generic category, has clearly increased over time. This finding holds both for total number of requests for integration as well as for the relative number of integrated to non-integrated solicitations. This basic trend suggests that R&D delivery at the project-level, as measured through the content of research solicitations, is increasingly in line with policy discourses that mandate the integration of science and society at the project level. The increase in the number of integrated solicitations from 28% in FP5 to 46% in FP7 suggests significant movement toward this general goal. This, together with the increasing extensiveness and pervasiveness of solicitations for integration across the programmes in our sample, provide evidence of the institutionalization of socio-technical integration, generically understood, within European research.
The second observation is that socio-economic and industrial forms of integration dominate the other forms. This suggests that instrumental policy goals for integration are making far more headway than are more substantive and normative goals. For, while strategic policy discourses justify integration in terms of multiple goals, when they justify it in terms of competitiveness and economic growth, they tend to stress socio-economic and industrial forms of integration. On the other hand, when they justify the integration of science and society normatively in terms of democratic values and substantively in terms of diversity of social perspectives, policy discourses tend to emphasize socio-ethical dimensions and public stakeholders over socio-economic and industrial ones. And yet, the percentage of solicitation requests ensuring that "Ethical, social, economic and wider cultural aspects are fully integrated within projects" (European Commission, 2008a, p. 4) and that focus on "actively engaging with civil society, stakeholder groups and the public at large in the preparation and execution of research" (Stančič, 2007, p . 1) do not increase, but actually decline. This, coupled with the finding that there are variations in the trends for stakeholder and socioethical integration requests, and that these same types of integration explain the decline in relative diversity among types of integration requests, suggests that the observed trends fall short of the more democratic and reflexive ambitions of high policy discourses. Particularly in relation to extensiveness, the substantive ambition of the FP7 Science in Society Work
Programme to "encourage actors in their own disciplines and fields to participate in developing Science in Society perspectives" (European Commission, 2007a, p. 6) (MASIS Expert Group, 2009, p. 68) . The low number of solicitations for ELSA integration, which constitutes the earliest type of integration mentioned in policy discourses and the most prevalent form of socio-ethical integration observed in the solicitations, is particularly noteworthy here. This second observation is all the more striking given that our sample is likely to be biased in favor of integration, not least being the emerging area of nanotechnology.
The third and final observation is that integration has become more pervasive over time, shifting from parallel to core forms of socio-technical integration. This shift suggests that integration has moved closer to the heart of the R&D scientific enterprise, which is somewhat surprising given our assumption that 'core integration' would be disruptive of conventional science and engineering research activities and therefore somewhat unlikely. Rather, this finding appears to hold implications for the productive if not transformative potential of integration embedded in the core of R&D in light of policy goals. Increasing requests for socio-technical integration in core European research activities thus provides some evidence for the growing extent to which "transdisciplinary research activities, with a dynamic integration of theoretical and practical components from various disciplines" do in fact "constitute a substantial part of contemporary science systems" (Hessels and van Lente, 2008, p. 758) .
Integrated research in the United States
Before reflecting on the implications of our findings for the future of European research, we offer some brief comparisons to socio-technical integration discourses in the United States.
Socio-technical integration has been defined in high-level American policy discourse more closely with (to employ the terms used here) socio-ethical and public stakeholder dimensions, and in contrast to national competitiveness and economic justifications (Fisher and Mahajan, 2006a; Guston, 2008) . Additionally, in the US integration has been predominantly associated with nanotechnology, both at strategic and at project levels (e.g., Barben et al., 2008; Gorman et al., 2009; Patra, 2011; Viseu and Maguire, 2012; Roco et al., 2011; NSTC, 2011) , with emphasis also visible in the case of synthetic biology (Rabinow and Bennett, 2012) .
Moreover, it has been explicitly conceived in close connection to core science and engineering research activities, and in distinct contrast to prior forms of Ethical, Legal and Social Implications (ELSI) research associated with genomic program (Bennett and Sarewitz, 2006; Fisher, 2005; Winner, 2003) . Finally, an emphasis on the productive and transformative quality of socio-technical integration is the distinct focus of a coordinated series of studies supported by the National Science Foundation and managed by the Center for Nanotechnology in Society at Arizona State University (e.g., Conley, 2011; Ellwood and Pandza, forthcoming; Fisher, 2007; Flipse et al., 2012; Schuurbiers, 2011) . Thus, while similar tensions between public-ethical and national-industrial values can be observed, they appear to play out differently in the US, where the mechanism of socio-technical integration is distinguished from other ethics modes and governance considerations, and in the EU, where the said tension can be more readily located within the mechanism of socio-technical integration itself-at least judging from European policy discourse and the solicitations in our sample.
Implications for integrated European research
That we found the more instrumental aspects of socio-technical integration policy to predominate in our sample while the more normative and substantive aspects lack the same commitment to follow-through arguably reflects the more general situation in which science policy goals tend to follow dominant political economic assumptions. For, when framed institutionally as a facilitator of the social uptake of innovation and, therefore, as an important factor in the achievement of a fixed set of primary state economic goals, socio-technical integration appears to make headway. At the same time, socio-technical integration is a potential disruptor of the R&D system under its more radical forms. Socio-ethical and democratic varieties of integration, when framed and promoted not for the sake of prevailing institutional commitments, but in substantive and normative terms as an early source of critical reflection on R&D activities and as a form of more inclusive and accountable governance of research and innovation, may potentially alter established dynamics of practice and power underlying innovation commitments and appraisal criteria.
This account may help explain the failure to solicit more socio-ethical and general stakeholder forms of integration, but it does not appear to explain why solicitations for integration that takes place in proximity to core R&D practices has increased-a finding that appears counter-intuitive considering that socio-ethical integration, and particularly ELSAintegration, shows signs of becoming more pervasive. For integration would appear to be unlikely insofar as it has the aspiration if not the potential to "open up" (Stirling, 2008) scientific practices to more diverse social perspectives and productively disrupt science and innovation practices (Wynne, 2011) . Indeed, there is increasing evidence for the productive if not transformative capacity of embedded insights and critiques from social scientific and humanistic perspectives to modulate core R&D practices (e.g., Fisher, 2007; Flipse et al., 2012; Ribes and Bowker, 2009; Schuurbiers, 2011) . 17 In this case, we cautiously suggest that substantive forms of socio-technical integration are able, or are at least perceived by scientists and policy makers to be able, to contribute to more "robust" (Nowotny et al., 2001 ) forms of knowledge and technological development, especially if they offer "dual value," meaning that critical reflection can also support learning that in turn promotes creativity and innovation (Fisher and Mahajan, 2006b, p. 6 ). (Jasanoff, 2011) and stakeholder communities (Winner, 2003) , there is less assurance that it will serve a significant role guiding or at least shaping R&D activities. The paradoxical result could be a greater degree of socially transformative interdisciplinary R&D, but one that develops with fewer opportunities for institutionally established self-critical reflection tempered by broader stakeholder perspectives.
Limitations of the approach
While our analysis has potentially uncovered some insights about the role of integration at various levels of policy discourse, these observations make clear that it can only offer a first glance at the implications of integration discourse for European research structures and practices. Also we acknowledge some limitations in our approach. The first limitation is that, for purposes of maintaining a manageable dataset, our sample includes those research areas that are prone to calls for integration. This has given us an indication of the trends within those areas themselves, but we cannot infer whether similar or contrasting effects have 
Conclusions
This paper has tracked the extent to which the EU research policy system integrates socioeconomic and socio-ethical issues as well as industrial and public perspectives into science and engineering R&D activities. Our analysis of nearly 2,500 research solicitations from the last three European Framework Programmes for R&D shows that socio-technical integration, as broadly formulated in strategic policy discourses, increases over time at the level of the research solicitations that mediate and implement them. It thus lends support to claims for the increasing institutionalization of integration within European research policy. However, this finding is qualified by the observation that solicitation requests integrating industrial and socio-economic aspects dominate those integrating socio-ethical issues and stakeholders-by a 2 to 1 margin. Moreover, in contrast to the general increase in integrated solicitations, solicitations integrating socio-ethical issues and stakeholders into scientific research actually decrease over time.
The results of this analysis point to a visible but qualified evolution in socio-technical integration along the three Framework Programmes. Generically understood, integrated solicitations increase progressively along the Framework Programmes in trends that correlate to some but not all high-level policy discourses and legislation about FP5, FP6 and FP7. In particular, there is a shift in the way in which socio-technical integration is conceived by policy makers during the transition FP5-FP7, and this at different levels: the integration of societal dimensions is claimed to occur (i) pervasively at the core of science and engineering R&D activities, integrating social scientists and humanists in research activities and incorporating insights from the social sciences and humanities by the natural scientists and engineers themselves; (ii) extensively in different research areas besides the life sciences, and (iii) diversely through the participation of diverse actors and perspectives (including both stakeholders and the public as a whole) in research activities.
Thus, while there is an overall increase in solicitations for integration, and while these solicitations become significantly more pervasive and slightly more extensive, they also become arguably less diverse over time. 
